A b s t r a c t. Field experiments were conducted in the years 2015-2017 in the region of eastern Poland, in the Biała Podlaska Commune (52°02′N, 23°07′E) in the Lublin Voivodeship. The purpose of the study was to assess the effect of five methods of treatment involving application of growth biostimulators and herbicide on the yield of dry matter and starch of edible potato tubers. The experiments were performed in three replicates using the randomised split-block method. The examined factors included: factor I -three early cultivars of edible potato (Owacja, Bellarosa, Vineta), factor II -doses and dates of application of growth biostimulators: GreenOK-Universal Pro and Asahi SL as well as their combination with the Avatar 293 ZC herbicide. The highest yield of dry matter and starch of tubers was obtained from treatment 4 where, prior to sprouting, mechanical treatment was used, and after the final shaping of ridges and just before sprouting the Avatar 293 ZC herbicide at a dose of 1.5 dm 3 ha -1 , and then after sprouting the GreenOK Universal-PRO was applied three times at doses: 0.10 dm 3 ha -1 -peak-end of sprouting + 0.15 dm 3 ha -1 -covering of interrows + 0.15 dm 3 ha -1
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-flower bud break (the mean yield of dry matter was at the level of 9.0 t ha -1 and that of starch at the level of 6.3 t ha -1 . However, the lowest yield of nutrients of potato tubers was obtained from the treatment where only mechanical treatment was used (treatment 1). Potato cultivars cultivated in the experiment and meteorological conditions also had a significant impact on the size of the yield of dry matter and starch of tubers. Growth biostimulators should find a wider application in agricultural practice as they are environment-friendly preparations and their use on agricultural crop plant fields gives notable production benefits.
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INTRODUCTION
Potato (Solanum tuberosum L.) is cultivated in about 160 countries in the world and consumed every day by over a billion people (Camire et al. 2009, Bishwoyog and Swarnima 2016) . In the world production, it is an important agricultural plant, not only on account of its consumer importance, but also due to its industrial and fodder significance. Regardless of the direction of production, the content of dry matter and starch in tubers should be counted as one of the most important features determining the quality of potato (Zgórska and Grudzińska 2012) . Just after harvest, potato tubers contain about 80% of water and 20% of dry matter (Lutaladio and Castaldi 2009) . The content of dry matter determines nutritional value, taste value, the consistency of raw and processed tubers, and their resistance to mechanical damage (Wierzbicka 2012) .
The main component of potato tubers' dry matter is starch, an indirect product of photosynthesis, hence called a renewable and biodegradable material (Leszczyński 2004) . The tubers of edible potato cultivars (registered in Poland) contain from 9.9% (very early potato, Impresja cultivar) to 18.3% of starch (medium-early Asterix cultivar) (Plant Breeding... 2015) . The content of starch predominantly determines the caloric value of potato which is about 70 kcal 100 g -1 , significantly lower than many food products (Trawczyński 2016) . Starch is converted to glucose under the influence of enzymes, thus being practically fully and quickly digested in the human organism (Leszczyński 2012) . The impact of starch on the consistency of boiled tubers is related to its swelling, which causes the destruction of cell structures, and with its granularity and distribution in cells (Marle et al. 1997 , Lamberti et al. 2004 , Rymuza et al. 2015 . According to the requirements of quality features of potato fit for direct consumption, tubers should contain 18-22% of dry matter and 12-16% of starch, while potato tubers intended for chips 20-22% of dry matter and 14-17% of starch, and for crisps 20-25% of dry matter and 16-20% of starch (Lisińska 2000 , Zgórska and Frydecka-Mazurczyk 2002 , Grudzińska et al. 2016 .
In potato production for food and industrial purposes, the content of dry matter and starch as well as the amount of produced biomass are important (Puła and Skowera 2004) . The yield of starch and dry matter is a product of the yield of tubers and the content of these elements in tubers. According to Gabriel and Świeżyński (1977) , the value of these features is determined in 72-92% by the yield of tubers, and only in 14-15% by the content of these elements in tubers. The level of yielding and the quality of the yield of potato tubers are determined by both cultivar properties (genetic) resulting from biological progress, and by agrotechnical and habitat conditions (Kołodziejczyk 2013, Pszczółkowski and Sawicka 2018) .
Growth biostimulators, effective microorganisms and soil fertilisers enriching the arable layer with beneficial microorganisms, improving soil properties and availability of nutrients for plants, speeding up the decomposition of natural and organic fertilisers, are currently used on a wider scale in agriculture, including also the production of potato (Paradikovic et al. 2011 , Zarzecka and Gugała 2013 , Maciejewski et al. 2007 . Growth biostimulators are defined as preparations supporting the natural vital processes of plants and increasing the resistance of plants to stressful conditions (Maciejewski et al. 2007 . According to Matyjaszczyk (2015) , in 2015 on the Polish market there were around 60 biostimulators registered as plant protection products in the group "plant development and growth regulators" and around 20 biostimulators registered on the basis of fertiliser regulations as "preparations supporting plant cultivation".
Very few and rather ambiguous empirical results on the subject of the effect of growth biostimulators on the yield of dry matter and starch of table potato tubers induce to carry out further research. The aim of the experiment was to determine the effect of using five treatment methods involving the application of growth biostimulators and herbicide on the yield of dry matter and starch of three edible potato cultivars. The research hypothesis assumed that the selected care treatments involving the application of growth biostimulators and herbicide would positively impact the yield of marked quality characteristics of potato tubers.
MATERIALS AND METHODS

Experiment and plant material
The results of the field experiment conducted in the years 2015-2017 in the region of eastern Poland, in the Biała Podlaska Commune (52°02`N, 23°07`E) in the Lublin Voivodeship, on an acidic light soil, were the source material. The experiment was performed in the split-plot system, in three replicates. Two factors were examined in the experiment: factor I -three early edible potato cultivars: Bellarosa, Owacja, Vineta, factor II -treatment methods involving the application of biostimulators and herbicide:
1. Standard treatment -mechanical treatment (without biostimulators and herbicide), 2. Prior to sprouting of potato plants -mechanical treatment and after sprouting -GreenOK Universal-PRO bioactivator, three times to leaves: at a dose of 0.10 dm 3 ha -1 -peak-end of sprouting (phase BBCH 13-19) + 0. (phase BBCH 00-05).
The GreenOK Universal-PRO preparation, according to the producer's information (Latvian Institute of Humic Substances), is a liquid organic fertiliser with biostimulating effect, consisting of humic substance concentrate (≤20 g dm 3 ) and NPK elements (0.13-0.09-0.7%). The Asahi SL biostimulator contains three active ingredients from the nitrophenol group: sodium para-nitrophenol -0.3%, sodium ortho-nitrophenol -0.2% and sodium 5-nitroguaiacol -0.1%. These compounds occur naturally in plant cells and participate in physiological and biochemical processes of plants (Babuška 2004 , Maciejewski et al. 2007 ). The Avatar 293 ZC herbicide applied in the experiment contains two active ingredients with a complementing mechanism of action. Clomazone is absorbed by roots and part of plants below cotyledons, it suppresses the synthesis of pigments in plants (chlorophyll and carotenoids). Metribuzin is absorbed by roots and leaves and suppresses the photosynthesis process (Label of the Avatar 293 ZC plant protection product).
Each year in autumn, before the experiments, natural fertilization was used at a dose of 25 t ha -1 , as well as mineral fertilisation with phosphorus 44.0 kg P ha -1
(triple superphosphate 46%) and potassium 124.5 kg K ha -1 (potassium salt 60%), and during spring -nitrogen fertilisation (ammonium nitrate 34%) at a dose of 100 kg N per 1 ha. Potato tubers were planted in the second decade of April (in 2015 and 2016) and in the third decade of April (in 2017). Protection treatment against diseases and pests was used in accordance with the plant protection recommendations. Harvest was performed in the phase of full technological maturity of tubers. Sample tubers from 10 potato plants (excluding edge plants) were taken randomly from every treatment of the experiment during harvest. The total yield was calculated on the basis of the mass of tubers harvested from a plot with an area of 20 m 2 . The content of dry matter was determined by means of the oven-dry method, that of starch on Reimann's balance. The yield of dry matter and starch of tubers was calculated as a product of total yield and the content of individual elements.
Statistical analysis
The results of the study were subjected to statistical analysis using the method of the analysis of variance. Significance of variability sources was tested with the Fischler-Snedecor F test, and the assessment of significance of differences at the significance level p = 0.05 between the compared means using Tukey's range test (Trętowski and Wójcik 1988) .
Weather conditions
Meteorological conditions in potato growing season are presented in Table 1 . The data come from the Research Centre for Cultivar Testing (COBORU) in Słupia Wielka and were compiled for the Cultivar Assessment Experimental Station in Cicibór Duży, situated near Biała Podlaska. Meteorological conditions were diverse during the study period (Tab. 1). The highest precipitation sum was recorded in the growing season of 2017 -425 mm, in which mean air temperature was 15.4°C; it was the coolest year in comparison with the other study years. The lowest precipitation sum -288 mm -was recorded in 2015 with mean air temperature of 15.7°C. In that season, a precipitation shortage occurred from June to August (i.e. during flowering, tuber formation and yield accumulation), while August was extremely dry with precipitation sum of 7 mm and high atmospheric air temperatures. The growing season of 2016 was characterised by precipitation sum at the level of 302 mm, and air temperature was 16.1°C, higher by 1.2°C than the mean air temperature from multi-year period ; it was a favourable season for plant growth and yield accumulation. 
RESULTS AND DISCUSSION
The size of the yield of dry matter and starch of potato tubers is determined mainly by the mass of harvested tubers and the concentration of the above-mentioned nutrients in them, which can be modified in a significant way by individual experimental factors.
As a result of the study it was proved that the selected treatment methods, applied potato cultivars cultivated in the experiment, as well as meteorological conditions that prevailed in particular research years had a significant impact on the size of the yield of dry matter and starch of tubers (Tabs 2-5). The cultivation methods applied in the experiment with the use of growth biostimulators and herbicide caused a significant increase in the yield of dry matter and starch of potato tubers (treatments 2-5) in comparison with mechanical treatment alone (treatment 1.) (Tabs 2 and 3). The highest yield of dry matter and starch was obtained in treatment 4 (where mechanical treatment was used prior to sprouting and then Avatar 293 ZC herbicide at a dose of 1.5 dm 3 ha -1
, and GreenOK Universal-PRO bioactivator at a dose of 0.10 dm 3 ha -1 + 0.15 dm 3 ha -1 + 0.15 dm 3 ha -1 three times after sprouting) (on average 9.0 t ha -1 of dry matter and 6.3 t ha -1 of starch) and in treatment 5, where mechanical treatment was used and then the Avatar 293 ZC herbicide at a dose of 1.5 dm 3 ha -1 . The mean yields of nutrients obtained in treatment 5 were 8.6 t ha -1 of dry matter and 6.0 t ha -1 of starch, respectively (Tabs 2 and 3). The results are in accordance with the research of Trawczyński (2014) who obtained an average increase of yield by 13.8% after the application of the Tecamin biostimulator. Gugała et al. (2017) obtained the highest rise in the yield of potato tubers applying the Sencor 70 WG herbicide just before sprouting and then the Asahi SL biostimulator twice. In the research carried out by Rudzińska-Mękal (2000) , biostimulators Mival and Moddus 250 ME increased the content of starch by 1.5-3.3%. Also Sawicka and Krochmal-Marczak (2009) reported an increase in the content of dry matter and starch upon the application of growth stimulators in potato cultivation. Moreover, a beneficial impact of the growth stimulators Asahi SL, Bio-Algeen S90 and Kelpak in potato cultivation was noted in the research conducted by Wierzbowska et al. (2015) . However, Maciejewski et al. (2007) stated, on the basis of two-year research, that the Asahi SL and Atonik biostimulators applied in their experiment had no impact on the content of dry matter and starch in tubers of three edible potato cultivars. 6.0 4.5 5.9 5.5 3.
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The obtained results of the study proved that potato cultivars cultivated in the experiment had a significant impact on the size of the yield of dry matter and starch of tubers (Tabs 3 and 4). Sawicka et al. (2011 ), Wierzbicka (2012 , Kołodziejczyk (2013) , Barabaś and Sawicka (2016) inform about the effect of genetic features of cultivars on the content and yield of dry matter and starch of tubers. In the experiment, potato cultivars modified the yield of dry matter and starch from a unit of area in a significant way. Significantly lower yield of the nutrients discussed was recorded when the Bellarosa cultivar was cultivated (on average 6.8 t ha -1 of dry matter and 4.7 t ha -1 of starch) (Tabs 2 and 3). The yield of the nutrients in the Owacja and Vineta cultivars was similar. According to Krzysztofik (2009) , the content of nutrients in tubers is a cultivar feature, but with a right size of yield, cultivars with a lower content of nutrients can yield a crop on a comparable level or higher than cultivars with lower yields but higher concentration of nutrients. It was confirmed in this study.
From the conducted studies it appears that the yield of dry matter and starch of tubers was significantly diversified in individual research years (Tab. 4 and 5). The lowest yields of the nutrients discussed were obtained in the humid growing season of 2017, in which the precipitation sum was 425 mm, being higher than the mean sum from the multi-year period by 64 mm. However, a significantly higher yield of the nutrients discussed was recorded in the growing season of 2016, in which atmospheric conditions were the most favourable for the growth and development of potato plants in comparison with the other research years. The results are in accordance with the research of Gugała and Zarzecka (2010) , Rymuza et al. (2015) and Skowera and Puła (2004) who proved that weather conditions in individual research years, especially the amount of precipitation, were the factor differentiating the content of dry matter and starch in potato tubers. Lower accumulation of dry matter and starch in tubers was observed in years with the highest amount of precipitation than in other research years. S t r e s z c z e n i e. Doświadczenia polowe przeprowadzono w latach 2015-2017 w rejonie Polski wschodniej, w gminie Biała Podlaska (52°02ʹN, 23°07ʹE), w województwie lubelskim. Celem badań było określenie wpływu metod pielęgnacji z zastosowaniem biostymulatorów wzrostu i herbicydu na plon suchej masy i skrobi bulw ziemniaka jadalnego. Eksperyment założono metodą losowanych podbloków w trzech powtórzeniach. Badanymi czynnikami były: I czynnik -trzy wczesne odmiany ziemniaka jadalnego (Owacja, Bellarosa, Vineta), II czynnik -dawki i terminy aplikacji biostymulatorów wzrostu: GreenOk-Uniwersal Pro i Asahi SL oraz ich kombinacja z herbicydem Avatar 293 ZC. Największy plon suchej masy bulw i skrobi uzyskano na obiekcie 4., na którym do wschodów zastosowano pielęgnację mechaniczną, a po ostatecznym ukształtowaniu redlin tuż przed wschodami herbicyd Avatar 293 ZC w dawce 1.5 dm 3 ·ha -1 , następnie po wschodach trzykrotnie aplikowano bioaktywator GreenOK Universal-PRO w dawkach: 0.10 dm 3 ·ha -1 -pełnia--koniec wschodów + 0.15 dm 3 ·ha -1 -zakrywanie międzyrzędzi + 0.15 dm 3 ·ha -1 -zawiązywanie pąków kwiatowych (średni plon suchej masy kształtował się na poziomie: 9.0 i 6.3 t·ha -1 skrobi). Natomiast najmniejsze plony składników odżywczych bulw ziemniaka uzyskano na obiekcie, na którym stosowano wyłącznie pielęgnację mechaniczną (obiekt 1). Na wielkość plonu suchej masy bulw i skrobi istotny wpływ miały również uprawiane w doświadczeniu odmiany ziemniaka oraz warunki meteorologiczne. Biostymulatory wzrostu powinny znaleźć szersze zastosowanie w praktyce rolniczej ponieważ są to preparaty przyjazne środowisku oraz ich stosowanie na plantacjach roślin rolniczych przynosi wymierne korzyści produkcyjne.
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